Abstract Given the widespread use of many digitalized communication channels, knowledge production activities have rapidly become interrelated. As the term ''network society'' implies, knowledge-based innovation systems have been built mainly on the mediated social infrastructure, which has lead to the emergence of the N-Tuple Helix model.
familiar with your new model. Please explain briefly your conceptual point of departure and development over time.
The Quadruple Helix contextualizes the TH by adding as the fourth helix ''civil society'' and the ''media-and culture-based public.'' This is the understanding that additional perspectives must be added to comprehend innovation in the unfolding twenty-first century. In fact, democracy frames and changes our conditions of innovation. The TH is not really sensitive enough for this democratic additionality, whereas the Quadruple Helix reflects on this. Furthermore, the Quintuple Helix embeds the Quadruple Helix by extending this architecture of innovation to the environment and social ecology. The Mode 3 Knowledge Production Systems concept, extends, expands and complements the Mode 1 and Mode 2 Knowledge Production concepts by emphasizing the presence and impact of higher order learning (learning, learning-to-learn and learning-to-learn how to learn (see multiple books, journal articles and publications by Carayannis et al. since 1993 to date with key one (Carayannis et al. 2001) The Quadruple Helix brings in aspects that are thus far not included in the TH. The TH can be said to describe core processes of the knowledge economy. The Quadruple Helix is sensitive for the knowledge society and democracy. The Quintuple Helix, finally, addresses social ecology and the need for having awareness of the environmental context of society and the economy. The Quadruple Helix and the Quintuple Helix emphasize and explain why democracy and the environment need to be integrated in the wider perspective of the architecture of innovation. Without this, our understanding of innovation is constrained and not really sufficient for fully comprehending innovation and associated challenges. In short, the TH focuses on top-down government, university and industry policies and practices whereas the Quadruple Helix focuses on BOTH top-down government, university and industry policies and practices as well as bottom-up and mid-level out civil society grass-roots initiatives and other actions that help better shape, fine-tune and make more effective and efficient the government, university and industry policies and practices. The Quintuple Helix adds to the Quadruple Helix the environmental dimension to ensure that said top-down, bottom-up and mid-level out policies, practices and initiatives are indeed as smart, sustainable and inclusive as possible and meet the triple bottom line (financial, social, and environmental) hurdles criterion.
Q 3 Before the use of the TH model and its adoption by researchers became a worldwide phenomenon, empirical measurement tended to be a major issue in academia. In response to this concern, Professor Loet Leydesdorff developed the TH indicator using a Shannontype information formula for three dimensions and their combinations (Park 2013 ). Can we still apply this indicator to the N-Tuple model or do you suggest something new?
We are indeed working on a number of potential metrics, including information-theoretic models using entropy as a performance measure, and this indicator may be extended to models such as the Quadruple or Quintuple Helix with the right adaptation, which may need to be nontrivial, particularly in terms of the assignment of variables and the related level of significance of each. Q 4 You have recently tended to emphasize the importance of social and natural components for the Quadruple Helix and the Quintuple Helix, respectively. How can these dimensions interact with the traditional TH, that is, UIG relations? For example, there are ''innovation cultures'' that influence the process of innovation within academia, markets, and political systems. Innovation cultures can be communicated by media, and innovation is carried by a diverse set of actors in civil society. All these aspects and considerations are well rooted in the Quadruple Helix. Implications of the environment and of environmental needs challenge society and the economy but also act as incentives for progressing innovation such that innovation engages knowledge production and knowledge in a new balance with our ecological environments. Moreover, and per the comments to your previous questions, the social and natural considerations act as the ''creative glue'' for promoting smarter, more sustainable and more inclusive growth opportunities in the Knowledge Economy and Society for both developed and perhaps even more so for transitioning and emerging economies where civil society and environmental structures, infra-structures and institutions are often lacking or under-developed allowing for the accumulation of substantial negative externalities (such as pollution) and other transactional costs of growth (such as corruption) as well as impeding or even suppressing market, knowledge and network spill-over effects (positive externalities).
Q 5 Knowledge-based innovation systems may vary across countries (Kwon 2011) . However, the TH model has not been extensively examined beyond Western countries (Khan and Park 2012) . In what context can N-Tuple Helix relations become more important? In addition, how can we functionally and/or intellectually validate of the N-Tuple model for developing and transitional economies?
Knowledge-based innovation may never be seen as a privilege of industrialized countries. This indeed would be a misleading approach. Knowledge-based innovations are just as valid for emerging economies and developing countries. In that sense, the Quadruple Helix and the Quintuple Helix are global und universal. The more appropriate question to ask would be what the specific implications and ramifications for knowledge-based innovation would be when applied in diverse political, economic, social, and technological contexts around the globe (Carayannis 1998a (Carayannis , b, 1999a (Carayannis , b, 2000 (Carayannis , 2001 (Carayannis , 2004 (Carayannis , 2008 Carayannis et al. , 2011 Carayannis et al. , 2012a Carayannis and Alexander 1999 , 2000 , 2002 , 2004 Carayannis and Laget 2004; Carayannis and von Zedtwitz 2005; Carayannis 2009; Campbell 2009, 2012) and how it concerns developed democracies versus emerging autocracies. In particular, the Quadruple and Quintuple Innovation Helix constructs may well serve to reveal and promote ways and means to help advance growth in a manner that is becoming increasing aligned with the progress of democracy instead of having growth advancing in defiance of and for the suppression of democratic institutions. Over the medium to long term, our fundamental belief and premise is that true and transparent democracy constitutes a sine qua non for smart, sustainable and inclusive growth and this constitutes our main motivation and guide for our focus on ways and means that concepts such as the Quadruple and Quintuple Innovation Helix, can better serve architect a better tomorrow for the peoples of the world.
